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Symposium on The System of Radiological
Protection (ICRP 2023), Pre-recorded video,
November 6-9, 2023.

14.Kyoko Hizukuri, Toshioh Fujibuchi, Hiroyuki
Arakawa. Direction Vector Visualization of
Scattered Radiation for fluoroscopy by PHITS.
Joint Symposium on Nuclear Data and PHITS in
2023, Ibaraki, November 15-17, 2023.
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16.Hiroyuki Arakawa, Toshioh Fujibuchi, Yoshihiro
Okada, Kosuke Kaneko, Toshiko Tomisawa,
Investigation of patient release examination
training in nuclear medicine using Mixed Reality,
JSST2023, 2023.8, (Niigata)

17.Toshioh Fujibuchi, Hiroyuki Arakawa, Takashi
Yoshinaga, Development of AR Visualization
Teaching Materials for 3D Scatter Radiation
Distribution in an X-ray Examination Room
Using a Head-Mounted Display, JSST2023,
2023.8, (Niigata)

18.Kyoko Hizukuri, Toshioh Fujibuchi, Hiroyuki
Arakawa. A study of a simplified dose calculation
method using directional vectors when placing
radiation protective plates. The 80th annual
meeting of the JSRT, Yokohama, April 11-14,
2024.

19.Mayu Sakai, Hyojin Lee, Toshioh Fujibuchi,
Hiroyuki Arakawa, Consideration of realtime
imaging of scattered radiation sources in X ray
fluoroscopy using a semiconductor camera, The
80th annual meeting of the JSRT, Yokohama,
April 11-14, 2024.

20.Koki Noguchi, Toshioh Fujibuchi, Hiroyuki
Arakawa, Creation of Radiation Protection
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Educational Material by Visualization of
Scattered Rays during Tube Angiography Using
AR Technology, The 80th annual meeting of the
JSRT, Yokohama, April 11-14, 2024.

21.Toshioh  Fujibuchi,  Hiroyuki  Arakawa,
Development of real-time scattered radiation
distribution display application according to the
position of radiation protection plate, The 80th
annual meeting of the JSRT, Yokohama, April 11-
14, 2024.

22.Toshioh Fujibuchi, Hiroyuki Arakawa, Creation
and implementation of educational scenarios
aimed at understanding optimization of radiation
protection in fluoroscopy using Extended Realty,
The 80th annual meeting of the JSRT, Yokohama,
April 11-14, 2024.
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24.Toshioh Fujibuchi Radiation protection using
digital transformation in the medical field,
KYUDAI NOW 2024, Bandong, Indonesia,
2024.8.28.

25.Mayu Sakai, Toshioh Fujibuchi, Consideration of
real-time imaging of scattered radiation sources in
X-ray fluoroscopy using a semiconductor camera,
KYUDAI NOW 2024, Bandong, Indonesia,
2024.8.28.

26. /% BT, XR DOEFRBE#RIT B ~ DT H,
HARESY S TR AR, &6,
2024.8.16.

27. BRI T, i35 E 1, Extended reality % 1| H
U 7 B MR 8 B T8 1) B B B )
BEHM OPRFE L EE, 5 67 Bl H AR
R, AETUN, 2024.9.25-28.

28.Hyojin Lee, Toshioh Fujibuchi, Hiroyuki
Arakawa, Consideration of real-time scattering
ray imaging using a high-sensitivity CMOS
camera, The 13th Korea - Japan Joint Summer
Workshop in Radiological Sciences and
Technology, Busan, Sep. 2-14, 2024.

29.Koki Noguchi, Toshioh Fujibuchi, Creation of
Radiation Protection Educational Material by
Visualization of Scattered Rays during Tube
Angiography Using AR Technology, The 13th
Korea - Japan Joint Summer Workshop in
Radiological Sciences and Technology, Busan,
Sep. 2-14, 2024.

30.Kyoko Hizukuri, Toshioh Fujibuchi, Simplified
Dose Distribution Calculation Method for Placing
Radiation Protective Plate Using Directional
Vectors, The 13th Korea - Japan Joint Summer
Workshop in Radiological Sciences and



Technology, Busan, Sep. 2-14, 2024.

31.Kyoko Hizukuri, Toshioh Fujibuchi, Hiroyuki
Arakawa, Donghee Han. Development of
simplified dose distribution calculation program
for radiation protective plate placement using
directional vectors. The 24th Asia-Oceania
Congress of Medical Physics (AOCMP 2024),
Penang, October 10-13, 2024.

32.Hyojin Lee, Toshioh Fujibuchi, Hiroyuki
Arakawa, Donghee Han. Consideration of real-
time visualization of scattered rays using a high-
sensitivity CMOS camera. The 24th Asia-Oceania
Congress of Medical Physics (AOCMP 2024),
Penang, October 10-13, 2024.

33.Toshioh Fujibuchi, Education on optimizing
radiation protection in X-ray fluoroscopy using
extended reality, The 24th Asia-Oceania Congress
of Medical Physics (AOCMP 2024), Penang,
October 10-13, 2024.

34.Donghee Han,Toshioh Fujibuchi, An evaluation
of human phantom applicability of 3D-printed
filaments by dose measurement of Monte Carlo
simulations and radiophotoluminescence glass
dosimeters, The 24th Asia-Oceania Congress of
Medical Physics (AOCMP 2024), Penang,
October 10-13, 2024.
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41.Mayu Sakai, Toshioh Fujibuchi, Consideration of
real-time imaging of scattered radiation sources in
X-ray fluoroscopy using a semiconductor camera,
Kyushu University Asia week, Fukuoka,
2024.11.5-9.
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45.Toshioh Fujibuchi, Donghee Han, Education on
optimizing radiation protection in X-ray
fluoroscopy-guided procedures using extended
reality, PHITS Workshop and Intermediate Course
at Japan Atomic Energy Agency in Tokai, Japan
2025, February 18-21, 2025

46.Kyoko Hizukuri, Toshioh Fujibuchi, Han
Donghee, Development of Directional vector-
based Quick evaluation method for Protective
plate Effects in X-ray fluoroscopy (DQPEX),
PHITS Workshop and Intermediate Course at
Japan Atomic Energy Agency in Tokai, Japan
2025, February 18-21, 2025
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Mastrangelo G: Increased cancer risk among surgeons in an orthopaedic hospital.

Occupational Med 55 498-500, 2005
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Y. Hijikata, et al. Association of occupational direct radiation exposure to the hands with

longitudinal melanonychia and hand eczema in spine surgeons: a survey by the society for

minimally invasive spinal treatment (MIST), Eur Spine J. 2021.
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https://pubmed.ncbi.nlm.nih.gov/34427761/
https://pubmed.ncbi.nlm.nih.gov/34427761/

AEZT ol BEBRIEKHZVFOR (BRIFCE) tP2BVWFOR (HRE) CaF. BRIE<CHED
FICBI3LMEFELPOEREORABA v XH3.18 (95%Cl : 2.24-4.52). FCT e JA ~ R
132.26 (95%CI : 1.67-3.06) TH o 7o RMRTIF. EMDFORKITALME L UVZ £
ENTREEINT,

I NHK : REEBICLDREEE (REHNA) MNHIEMADOERM

https://www3.nhk.or.jp/news/special/sci _cul/2021/03/story/story 210302/

| hEEsrEcms EREEEOKSKE:

0. Ciraj-Bjelac,Catheterization and Cardiovasc Interv 2010; 76:826-834.

e Contorol9% DEREICH LT, MEEEME (EH) OBARE
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TABLE |. Basic Demographic Data and Lifetime Cumulative Radiation Dose to the Lens of the Eye for the Interventional
Cardiology Staff

Number of years of work Cumulative dose
Subjects Number Age® (years) in interventional cardiology” to the lens (Gy)*
Interventional cardiologists 56 42 + 7 (31-64) 9.2 + 6.9 (1.0-33) 3.7 £ 7.5(0.02-43)
Nurses 11 38 £ 11 (25-53) 6.0 = 4.6 (1.0-14) 1.8 = 3.1 (0.01-8.5)
Control group 22 44 + 9 (29-57) n/a n/a

“Mean =+ standard deviation; values in parentheses are ranges.
TABLE Il. Dose Response for Posterior Lens Changes in Cardiologists and Nurses and Associated Odds Ratios (OR), Relative
Risk (RR), and 95% Confidence Intervals (Cl)

Dose (Gy) Number of subjects Number of subjects with posterior lens changes” OR 95% CI RR 95% CI
0 (Control) 22 2 (9%) 1.0 n/a 1.0 nfa
<1 31 12 (39%) 6.3 1.2-32 43 1.0-17
1<2 11 5 (45%) 83 1.3-54 5.0 1.1-22
2-<3 9 5 (55%) 125 1.7-89 6.1 1.4-26
=3 16 12 (75%) 30 4.7-189 83 2.1-32
Total exposed: 67 34 (51%) 10.3 2.2-48 5.6 1.4-21

“Cataract grade 0.5 or higher in one eye

| Dlrv2—~>yavEYEORSHREREY 2
E. Vano, Radiation cataract risk in interventional cardiology personnel, Radiat Res. 2010
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Medications
Radiation
protection

Image
intensifier Second dosimeter a
apron at the level of

Patient Main dosimeter under the apron

Occupational Exposure Limit Dose
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Fujibuchi, Radiation protection education using virtual reality by visualization of scatter
distribution in radiological examination, JRP, 2021
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Monte Carlo #1#(Z%}9 % Ray tracing 715
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BWTO0.7 05 1.4 FO®RPHANTZ 72, 1 m D
5 & C Ray tracing |2 L 2 stHEAE RS Ll il &
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ray tracing /
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x:-0.5, z:0.5
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AN TED, &B1C, V=T RAFr—)tn

140

TR —=NTHT—DEEEYVEZTE D,
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L7120, EEOWHEEEDHENLFRRTE
2o

Figure 712, MFRARIIH TORILHIHSY
T, B DR B L G B O
AT L TS L RRTE B,
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B 5k
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Particle and Heavy Ion Transport code
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FEOHMT, 76 SHE L7z, WERIL, Figure
LIZRT LT, 105 12 EFTOFEFEZE VIR
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0 o
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Protective plate
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(b) (c)
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BEBRE S L lcyiT Ty IaL—ya v L,
FHR 3 OOWERREIZ. 77 ¥ FADDDHL
Bl X BRE D ORGEL, E ol & L7 (Figure 1),

(a) Dose distribution in X-ray fluoroscopy room

(b) Scattered from phantom

(c) Scattered from X-ray tube (d) Scattered from others
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o : Point q(x“,ytl,ztl)
i Any point on the photon’s :
direction of travel i
Xp = Xg t Ut
{Yt =Yoot vyt

Zy = Zg + vt

Condition

t,<t; €0

oo
=1 Point r(xe,, ¥e,. 2¢,)

Figure 2 ST #RBL N Tl S L5 T O HE
&

FHWaRT v dDN w7 b L— R & BHRER DA A
ZHbH, HFHRT hL b BELRRIE O I B #ER
DFAET HALERR O & & | Bi#ER Tk S
HIFTZEHEETE B,

(a)

V123, Point py (p1. Py Pi)

V12 V13

Point p; (02, P2y-P2z) Point ps (pay’ Pay-P3z)

® point q(xh,y;l.lc,) Protective plate




(b) _
Pointa
Vap X vaq
Vap vaq
Point g
o
Point 5 Protective plate
Cc
( ) Point a
Vap X Vgq
Vaq
Vab
Point g
Point b Protective plate

Figure 3 WMSHRBI#ENR Lo &~ hrofir
& BAtR

@I O FRAEZRD D T-ODERERT M v
Vi3 % T, (D) TIXFmE & TSy Moy
7 b= ADRRBTHERNICH D | () TIHF
&N T ML DR Y 7 R L—ADAE RN
HEROMC DD, ZDEE, IV, X Vg DT 5
MEIRD,

B-4. 8580 sH R IE O RS E O RRGE

X BREEHIE, X &2 E CALNEO
CROSS (B+7 4 VAT 4 NS, |
R, BAR) ZHW-, JEHEL EORIEIZIE X
B ® Z+ RaySafe X2 (Unfors RaySafe,
Uggledalsv'agen, Sweden) % i\ 7=, FR&FSM:
%, BEE 66kV, EEIIFHAE 10 mAs, #RIR
FKEFIEEE 65 cm, a2 EEEREE 106 cm.,
TREGTEF Y X 46x46 cm?2 & L7o, #EARICIT,
30x30x15em3 DK 7 7 h AEHNWT, K7 7
¥ b O EBEEOFLICAE DY CHRE L
7o BENVRUEG#EIE ML (7 7L hL—F 4
MRS FE, KR, BAR) Z2K7 7 & B ADOHLD
5 35 cm OFEHEICELE L, PR OBLE O S S
B2 T, PE LR, FERNIE, &% T 38 BT
VN, ZOEEERIEME L, B EY E
I KNS OEE 160ecm D& & K7 7 b A
DOHFL D 35 cm DHHEET, BIFERDIKIND D
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B 3% 110ecm, 120cm, 130cm, 140 cm T
E LT,

PHITS 12k 53 I 2L —3 g 3 FENR L
AR D& T2 B 2 BB U, O BB A &
BLiE R OB HENOBER O Z v I 2 L —
var L, BERP#EREE ML (2 70 FL—
T 4 TRt KR, BA) ZHWT, $Y4
# 0.80 mmPb, ¥ X 37x57cm?2, JEX 2cm
THIL LT, #EROEREIZ DWW T, Figure 4 |2
RTEHIC, CT—2DOAEIL AP JHH T, K
NHEDESE T 7 FANLDHEEEE X 77,
PR S 7 7 > R LD 25 em ORFEED & X |
KB DE S 110 em, 120 cm, 130 cm, 140 cm
THEE L7, £ LT, & OO E T &
M T 57202, 77 FANLOHEEE 35
ecm DONLEIZHTHE #FK s Lz, ii#& X ICRP
Publication145 fEH#EFMEA v 27 7 b A
DOFRmMAEHANTHILL, FEOBEZE LT,

(a)

Physician
Figure 4. HURHRPIREMR & i OB

HiEIL7 7 > b AHLND 35 em OALEE LTz,
ZRUCHEDOET, A H#ERE 7 7> A
DD OFEEE 25 em, K22 H OE S (a)110 cm,
(b)120 cm. (¢)130 cm, (d)140 cm (2 E L 7=,

C. R
C-1. I alb— a3 rOREDHE

JERDAR RS B OFHREAER & HER R % Table
1R Lz, BB ES B EM L HEmX
ENENBNLNELRY ZOFFELKTDHZ &
DTERN, 2070, AR FEmirEZH,
SRR A B L7, xR EOFHRE & HEME



D OFEEIE 0.93 AR HER 213 0.12 Lo T2,
Table 1 455t AUZ 351 2 JH M8 B O FHRAE & HIE O bk

Points  Calculated dose(uSv/mGy) Measured dose(uSv/mGy) Calculated dose/Measured dose

1 8.64 7.32 1.18
2 3.30 3.71 0.89
3 7.22 7.03 1.03
4 3.28 3.79 0.87
5 7.66 6.81 1.13
6 3.26 3.51 0.93
7 11.94 14.28 0.84
8 2.70 3.45 0.78
9 11.37 14.20 0.80
10 2.69 3.13 0.86
11 12.08 12.73 0.95
12 2.71 2.82 0.96

C-2. BELFRD M7 L DFRKIR
BELBR D S5 17X kL% Figure 3 128 L7z,
RO RO & THEIT A, KE ST xL
X—ICWIE LTz, Fm7 MVOFEE LT,
BEMNOIRMND Z L% FTHELN SN2 & &

WT&ET,

Figure 3 BELERDO T2 ML D =R ILHR R
(a) BEF OFEMIN S D Fx (b)) BE O RN
DER

C-2-a. JELOMRE X EAT & DLl
BED S OBEMMDOTT MY b &I R

149



YA OWrHE X % Figure 4 |2 Lz, #RED
AEEDFRERN TR L T ATIE, HHARZ FLDR
FIOER VRS NE ZAITRENRE N & 2
WTE, o, AUBEYREITIL 7 BLEI
FREINDD, FHHRT FVE—EDORRETIE
R TG U BIEREIND I ENHERTE T,

(@)

(b)
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Figure 4 Jf-X7 kL & JAMRE Y &A% &
reYe S eRcadi il

(a) Y=0 (B0 olme (b)) Z=
-21.65 (GREFTLOBE) OWiEE (o) X =0
(HR S 27 FR0) - W ]

C-2-b. C 7— LD FET O g

C 7 —LDMHELEZ - AEEDF T % Figure
51T LTz, MESMTE, WITho C7—A
AETH, BF L XREOHMTRENE LD
CENHER TR 2, 2T IR bV EE

IRTHIZET, MENEWE ZAFEEND X
BERA~DOBTEETHD Z EBNyhoT, &
7 B E N BII Y B VI E R IR DA,
T 7 fViZ—EORRTIERL 7 U X AT
FTRINDZ ENHERTET,




151

Figure 5 i~ 7 ~V & JEOM &Y B4 & B8
REbEY=0 (FBHEEF.L) i

(a) AP (b) RAO30 (c) RAO90 (d) PA (e)
LPO30

C-2-c. BAFEMRICEIZET D BUELBR O <27 bk
JL DR

BEDD OWELRRO ST [ v b JEDf &
MBS OWIH K Z R LT, BiEROEm I T
el U7-, Wrm XX, Figure 5 (Z/x L7, Fhi#
WEEE LGS SIck - T, Bi#ERICEET S
FIa_7 MO ENRRe D720, HFhx7 b
T E A EFREI NIV ERERR EOEIE B
b Z LRI G HERTE T,

F7-. PR Z RS @ 130cm O E S IlLE
Lzl &, Btz @éﬁéﬁmmahwwﬁ
Ff EORERIITE OFEE N B D 2 L D3RR
&, ZIZT. iEOIEIC wéﬁ%fm7
7 A NVEER LT, BIERIC X %Wk 2 & &1
R L7 (Fig. 7). BERRIZ X 2 B E O =R
X, PR ZERNSOE S 110 ecm |, 130 em,
150 cm (TECE L7z & X, 4L, 80.0%,

99.1%, 16.2% Tod >7z,



Heght from the floor (cm)

(b)

0 01020304050607080.9 1

Relative dose

sesesees Without = ==with_110 cm

—with 130 cn= - =with 150 cm

Figure 7 #fi# ONLiE (BE 1S 35 cm) #RE
vy AN

BENG 35 cm ONEZMTE OMEE LT, J&
R B O R Z R T,

i OFARIZ BV T OBELRRIR D B D J7 1)<
7~ v% Figure 8 I~ d, ZOFRRTIH, B
2> 6 OFELRRMITE 12 M o TL DR % R
T&7, £ BF#RIC LD . X7 ML ERTR
FINIEFE S TWNWAZ ENERTET-,

(@)

Figure 6 B#06 OELIRD F a7 ~v L JE
0 R Sy AR O Wi X

(@B (DN T, PIERITZNZILEE D
D PR 25cm Th 5, PIsER OIR D& D E S
(a)110 cm, (b)130 cm. (c) 150 cm
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Figure 8 & OAR 20> & OFEHR
() I ZBIRER A FLIE L TR,
W BRI Z L ZE R ) b D FERE 25cm C
HD, PEROEKENDOESIE, (b)110 cm,

(c)130 cm, (d) 150 cm Th %,

(b) () (d)iz>

C-3. i Em A st BILEZFIH Lo & oAm
DR

OB At BIEEZFH LR ESA %
Figure5 & Figure6 |Z/xL7=, Z 206, Bhi#
W CHELR S ERf SN TV D Z E R EETE 72,
Flo, PR EBLE T DALEIC L - TRRED AR
NEELTWD Z E PR TE T,

PHITS v = L—¥ g V2o = REREIIE
FH) 20 IFfE] 39 4y 46 B, fli SR E AR
Do TR 13 B2 o 7=, fH SR &y
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fEtByETIE PHITS S a2 b—3 g v bR
TIHEFICHERFE N EL e oz,

(a) Scattered from all (b) Scattered from phantom

(c) Scattered from X-ray tube (d) Scattered from others

Figure 5 fliS &Mt HILEZFIH L-H &
A OWIE X (FREE T (y=0)
RN Z 7 7 > b AL D O ERE 25
cm, R BOE S 130 em ICELE RO 5 &
SRR EE O CRIE LM ES R 2R~ T,
®)7 7 > b A DOHEL, (0) X BRE D OGEL,
ZzothTdho, @ixbh)-@% 2 LabEzt
DTH5DH,

(a) With protective plate(110 cm) (b) With protective plate(120 cm)

(c) With protective plate(130 cm)  (d) With protective plate(140 cm)

Figure 6. BhFEMRALE S 1F % 28 % 7= R D1 i
BEOAMFHEIEERIR U E oA o Wrim X (IR
FHEFHL (y=0))

TR 2 7 7 v b AL D O RRRE 25
ecm., K2 H DE & (a)110 ecm, (b)120 ecm, (¢)130
cm, (d)140 cm (ZECE L 7= B ff 5 i & A ot
BikxE W ES A R~T,

C-4. SR EIATRHEIEDREE



i OIS ONLIE O JE DR Y & & PRI
X DIKERE A Table 1 12773, JEOMEYS &
Va2 b—va UEERIEEITE NS VRN
By, ZOFEHETLHZ LN TERY, £
DT, BIERIC LIRS FEH L, 52
EPHITS o 3 =2 L—3 3 V OEREDOEIT 6%
UNToH-oT-, — T, FEHE PHITS I = b

Table 1 & OIEER DA E 1T 5 A

—a v SRR S A RE OAREERE O 21T,
PHAEM DR G DO E S 110 cm, 120 cm, 130 cm
D& ZRBERDO T 10% N TH 72, L L,
BRER DR S DR E 140 ecm O & & FEfii S
PREAARTRIE M L 0 | AR IEF TR

-7,

Dosimetry PHITS simulation Caluculation method
Heightfrom floor(cm) Dose(puSv) Reduction(%) Dose(pSvimGy) Reduction(%) Dose(uSv/imGy) Reduction(%)
Without 6.94 520
110 0.533 923 0.287 945 0.0520 99.0
120 0.231 96.7 0.0612 98.8 0.0520 99.0
130 0.336 95.2 0.104 98.0 0.0500 99.0
140 1.55 776 1.47 71.8 4.97 4.41
EHE PHITS ¥ 2 = b—3 2 OFT 10%LL
‘gg-g [ NTHoThd, G mES Mt REIMm LY,
_ 80.0 IR N IEF IR - 72,
g oo | 50 3B ORI A MTET 5 121, DR
£ 500 [ FofEGEE L PHITS v alb— a3 O
2 :g'g BEOZE & LD 53Ah % ok LT (Figure 8), Bi#
® 200 | Wt 7 OBEMIE, FHREA Y I 2V — g UME
18-3 - Z FElole & Z A%< SO BT T,
' 110 120 130 140 FHRENR Y R 2 b—va UEE RE-72 L 25

Height from floor(cm)

= Dosimetry u PHITS simulation

Caluculation method
Figure 7 BAREMRIT X 2 KPR O b
S, PHITS 2 = L—3 3 v, S HBEST
FHRIEE N E N ORRERIZ X DR 2 g L
7z BAHER DK HOEE 110 em, 120 cm,
130 cm D & ZIEPRDOZEIT 10% LN Th - 72,
LU B DR NS D S 140 cm D &

(a) (b) (c)
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MR NI, WSHHESMAFHETIT, #EKT
R AV D N7 DR EMEZ 0.0115 L TWDH 728,
Bt % 5 ~DBERROE Y Z H ik EET 5 2
ENRTER, £, WERESMIEIEL
PHITS VI =2 L—3 3 VOMEHEOZETI, K
/MEIE-14.6, FeKIEIL 8.837 Th o 7-, B HE
SAnEFEE L PHITS v 2L —3 g U OfE
DO TIL, B&/MEIT 0.0115, i KfHEIX 6.48 T
HoT,

Relative dose(Sv/mGy)




Figure 8 [ttt F O Gt R & PHITS ¥ = L—y a3 V OREMOZE & D aAa O WX (FRETE

s (y=0)

DIt 77 D ()i S B Aiat L & (DPHITS v = L— 3 VOMEEO (2 L (A RD, £

Fhofiz s Lz, (T,

FOLEIRAETERRIND,

Table 2 fii S #tEpAiatHiLEE PHITS &
L— g VOBEEDE

GG

ERT I 2 b—a UMiEx TS EERFA, B EENRE, [

Heightfrom floor (cm) Min

110
120
130
140

-14.6
-12.7
-10.1
-7.82

= Heightfrom floor (cm) Min Max Mean
110  0.0115 5.65 0.921
Max Mean 120 00117 4.7 0.992
837 -0.0119 130  0.0126 6.00 1.02
495 0.00699 140  0.0121 6.48 1.01
7.01 0.0196
502 00194 77 v b LB ORERE 35 cm ONLE A i D

Table 3 fii S k& Aist&EE S PHITS v
L—a v OBEHOL

frE s LTHRET 27 7 A Vv Z2{ER L, PHITS
Valb—va v LSRN R A R L
Too WET T T 7 A VD BETHEWR DT ORER
OEFEB TIIENKE L o7,

171
H

12 2
Ak
g% 1o
E r.r e ! = 1.5
A l i
6 -
2 ' i o
8 J i ] 1 '.gl
(=] i | o
T 3 | ) i
g ' .
£= r i SR RS :
© . i! 2L e { 05
g 0 —y -'I-._I. [ I S Ry s — _' -'_' l ;‘r'—r P e b | ! i — | :I“_.'- e
1 . " ] = |
0 40 80 #20 160 ' 200 240
- l J
-3 0

Height from floor (cm)

------- Calculation method (uSv/mGy)
- — PHITS simulation (uSv/mGy)

— -Calculation method - PHITS simulation (LSv/mGy)

Calculation method / PHITS simulation

Figure 9 i (7 7 > b A5 OB 35 cm O{&E) ONEDOHRET 17 7 A )L
GBS EEL PHITS VS 2 L—2 a VOMRE L Z 0L LE 7T 7 FITR LT,

D. &%

T RHE & BUE IS P T% Tl o fe

JELO R R B O RAR & RIEM O RIS
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L, EEIwRK2%7Eo7, vIab—T3
AN X DERBEEICOW T, X BE S O I 50
cm OJIE S IR E AN KRG S v, Z Do
JE AT IR AN/ NGl S T, JRIA &
LT, X MEONEHEEDT — 2 NABENT
Wrnied, X BEOHBNA S Tholz b
EZ2 bbb, JISZ4333 TXHK Oy i EY
BRY—_ S A —F | LV MAREZEOFFR
HIZE20 % THDH-0, XEOHRAZ LY IE
RICTHIVERSD EEZD,

Frp_y hv & RO E Y & L O iz o0
T, JAUBEY BN CREDARZMD Z &
MTEXBEN, FRNTZ MaERRTHI LT,
BELRIE 2 D OBELROBEIT W A5 5D 2 &
TZX5, CT—20AEEEZDLE, WTHLD
AE L X RERA~OHELRN Z -T2, DT
B, WFIE X BRI EARBETAZ & T
X B TE A EEZOND,

K ERR D TS HRBS R 31T 2 B REM DB E I
DONT, BRELBR T 2 B IERIRICIE 8 B 729,
BEMNOR CHEMEEN - &, Bk THk
SRR OHETe AT B2 0 | PREARIZBIE L2
ELER OHETe J7 1) DFHE R A b D SR FBEH 2D e 3
Enolo, EO, BE CIE OEEORIZ
PN 2 B35 &, BE D LIS OBEERIC A
9 WELARIZ 3 U CRER A BLE T X 5729,
W ENREL b EEZLND, Lol B
R A X DAL EICECE T D EBER D L&
BRELAR 23 im0 U, B A X 0 @ ML E I ElE
T 5 L EHHER D T B HGELER S A U iA Te 7z Dl
W FRITEL B EEZ NS, ZDXHIT,
BELBRIE N D E D X 5 72 510 CTHELBR S TR A T
< DDHE D HELBR O FF T o Al Iz L - T
Bh DY) 2l L2t CE D LB 2 D,

MBS RETIE, T hrn v
2 b— g e ARTEERRNIIEE 12 < e
ST BH#EROAEIC K DB AT DAL %
HICE L OFERZRTZENTEDLEER D,

S MR AT R Cld, Btk 5 o sk D
BRI I K ER Sy DR EAE AN B NI A2 D, L
L. BAsEM T OFEROEER T, #rEEoiE
KeHlilz72 %, £7-, FHRS° PHITS X = L—
varvbDENRKELSRDIEMDRD D, M
BOAMRRIETIX, BIEROER DB A =T
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HBERBIEFOEBEMD ZENTE S, LL,
ZE O BTN PHITS v 2L — 3
VEDERRETWEAELH DD, MEMHEOM
WD Z LV,

E. fa

WAL O IR 7 kv & IR A =R ITAIZ ]
FAE LT, BB EEE DS ED X 9 ITRA T
KDD, Fio, BIERTED L D ITHELRN
EFREINTNDDONICHOWTHEMIIRT Z &
MWTET-, LT, BELTEOHEBOM O
B HENR A BLE T D & KEIR D SRR
BN THDHERBINRTZ ENTE T,
S FH AT, PR AR O E IR E L7
W ORI A & I TR L. PR O E
\Z L DMEBEDMM OB ERT ZENTET,

F. fEREfaRRE &
L

G. Wr7eEsE#
1. EmCHEHR

1. Kyoko Hizukuri, Toshioh Fujibuchi, Hiroyuki
Arakawa, Directional Vector Visualization of
Scattered Rays in Mobile C-arm Fluoroscopy,
Radiological Physics and Technology,17(1),
288-296, 2024

2. Hizukuri K, Fujibuchi T, Han D, Arakawa H,
Furuta T, Directional vector-based quick
evaluation method for protective plate effects
in X-ray fluoroscopy (DQPEX), Radiological
Physics and Technology, 18, 196 - 208, 2025.

2. FRER

1. Kyoko Hizukuri, Toshioh Fujibuchi, Hiroyuki
Arakawa. Consideration of appropriate barrier
placement methods using visualization of
scattered radiation in X-ray fluoroscopy. The
79th annual meeting of the JSRT, Yokohama,
April 13-16, 2023.

2.  Kyoko Hizukuri, Toshioh Fujibuchi, Hiroyuki
Arakawa. Proposal of Direction Vector
Visualization of Scattered Radiation for the
Purpose of Appropriate Use of Radiation
Protection Plates. The 7th International
Symposium on The System of Radiological
Protection (ICRP 2023), Pre-recorded video,
November 6-9, 2023.



Kyoko Hizukuri, Toshioh Fujibuchi, Hiroyuki
Arakawa. Direction Vector Visualization of

Scattered Radiation for fluoroscopy by PHITS.

Joint Symposium on Nuclear Data and PHITS
in 2023, Ibaraki, November 15-17, 2023.

R T, BRI E, Si)llsLZ. X BRiESR
(2B DEELIRD I T S Vo3 AR O]
B = EgE RS S 5 FEES
(%6 198 By K& 4@, 2024 4= 2 A 3 H.

Kyoko Hizukuri, Toshioh Fujibuchi, Hiroy
uki Arakawa. A study of a simplified dos
e calculation method using directional vect
ors when placing radiation protective plate
s. The 80th annual meeting of the JSRT,
Yokohama, April 11-14, 2024.

Kyoko Hizukuri, Toshioh Fujibuchi, Simpli
fied Dose Distribution Calculation Method
for Placing Radiation Protective Plate Usin
g Directional Vectors, The 13th Korea - J
apan Joint Summer Workshop in Radiologi
cal Sciences and Technology, Busan, Sep.
2-14, 2024.

Kyoko Hizukuri, Toshioh Fujibuchi, Hiroy
uki Arakawa, Donghee Han. Development
of simplified dose distribution calculation
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4.

program for radiation protective plate place
ment using directional vectors. The 24th A
sia-Oceania Congress of Medical Physics
(AOCMP 2024), Penang, October 10-13, 2
024.

Kyoko Hizukuri, Toshioh Fujibuchi, Han
Donghee, Development of Directional vector-
based Quick evaluation method for Protective
plate Effects in X-ray fluoroscopy (DQPEX),
PHITS Workshop and Intermediate Course at
Japan Atomic Energy Agency in Tokai, Japan
2025, February 18-21, 2025
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55 S I BRI S B i &

o Q& (R4 EE~AT 6 ) BIEREE

FUHN NG U AT At B LT L B DR < (ST
B2 5 MO L EHVEOREE_(220201)

op
d

(AHBLEEAN 2 R U7 X BB R O BELBR O J7 181~ 27 b L O ALk D B %

B B E TUNR R AR A JEBe IR G 2 P 2 B - AR 2 00 B 2%

=

[BH] ABFZE CIXRAEEE (virtual reality : VR) 22 T X BRBHFEFOBHE /D
DOBELROEIT M Z H M7 hve L TCRUb T 288 2 1EkT 5 2 L2 B E L
7. [ )] £ 7 /v v 22— K Particle and Heavy Ion Transport code System
(PHITS) 12T, X #REHERFORELRDOF M~ 7 MG EER Lo, =tk
Y 7~ ParaView (2T, WELBRO TG~ T MV & REORETE L TRPE L7z,
VR ~v K> FTHD Meta Quest 3 V>, BELBRO F N7 MV e L
7= [FER] VR 22N CTHELFR OHELT 1M &2 =W tiZ Al b LU, (LB O mH o i
WCET. 70, 2Rt B KO =WonkES A L BRE DY D 2 & THINHRBIER D
R AR T2, [[ERE] VR ZEMiCik, BfEE, 8577 b4, B
ML B OBUS ONALIEBIRR & ST THELROEIT M A e TE 5729, HEH

MELTAMTOD LRmEND.

ot HE
MalE BT
A BREHM
HSHRT IR 50T X BRI ISR

BROEEMAL T TR, A7y MEERME
TERRART, BLFHEME, AERC A\ TEAfiE #afl 7o &
MEJAWVZIRE CRESCTHBEICEHA STV 5.
HREINEEDERNE Y TV X A LIZBIET
x50, X HEUERICHED D EFREET I
BERENLOHERRC L 0 2L 57
MRS D 19, FRIBHEHI TOBRHELED
LW ERSCHE RISV TIE, IROKEEOYE
< DNEAmRR R IREE 2 8 2 D ATREME MR S
T D 69, SERHEIE < OR#RES 8 D ZEA I
X, R, RRRD, ik TH D 10, WEEERIEE
FL, BELRIR CTh D X BB & FHe2
PEEFBS I KPR D 70 WEIPH CREBEAZ LD Z & TR
WHRWIEL Z AT 5 2 R TES V. L
L, X#BERTA FTOFHTIE, BESLX K
BLHBEA RS Z ERRETH Y, FEmREY 72
WlC L DB R AT HMERD D.

AR D FBATIE, H R, H IR
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TUMNRZE R AL 27 R P I PR 7 B B ) B 750 B

85, HORERBIFEAR, FGARBERE R L — T O
FIFHnn 118, 26O R THTE OB
ELT, KM FTTFROLOREDILDNR,
BEME COFHA~OREIC 72 B0 X 9 7ehd
EEHEBEOBBRNORERLONHETET,
it D EAER R E DENL DB 28 L B 7R R T
BEISETHEHT . 207D, ol T B
xR, BENRAEEE Lo e A
EEFfRTDHZENROOND. P#ERDOE
B FC I, BELBROIE 2N 0 et T )7 M % 1E
IR 2 Z ENEETHD. BITHFETIE
X MBI IT 2 HELRR O 5340 & Al L9 53
HRNERAE SN TN D 61903 AT OB A
MMz 5 Z & TRELBRIE O 35 FTC LR O 258 4
X0 BRICHRAL TE, RO RA 2268
RIFEOBfRICAERTHDL EEZDND.
BOELRR I X BREE s D3 D R R D
REBE, BREHRA WK E OMAEERICLY
AL SIRITITIRND Z e b, FOHEITHIN



BRI 5 LT XE, B, EREEEON
BN EETH L. EREEFE M- TL
LHGELIR 2, EIRGERE Ok 2 T E O R D
DRZHBET H7-0120%, (EBLSE (virtual
reality :VR) Eifi2iEHT 22 0G0 E X
HiLhH. VR HiiilE, BLEORE 2 (KABZEM T/
WL, BB Be 0T X VIEREMARES
OELZET, EHRICB T EAROH D
TR & RBRAR 38 A [RIRFIC FTREIC 9 2 Il
RO, 2O, IWHETIHEZRZHEZIILD
Fex I BEBIS CITH SN TN D 19200 Z D
itz X B GUTICH L, BER O FH 5 15E% VR
ZENTHBET 5 Z & T, RN RES
it T EEILND.

AWFIED B, ERIEEE D DRI %
WO 2 A EZ 8T 572018, Bl
DRI & IRITHEIT M Z M2 hrd L
T VR ZERNC AT 2 BEBM 2T 5 2
ETHD. AMFETIE, VREMZIERL, ER
PEFEHE ~DHELBROHETT 717 & B DB AL
T8 S0 FE LT L 2 1 < AR SR 2 TELJRS | B

TELFETEERI{T L L2 AFELTND.

ZORT LWEEFIEL, PiEROEDZREM %
RAEEL, ERBUIGIZE T 2 ERIEFE O R #
P Y 27 OEPUCFHFET 5 2 LIS
5.

B. 7 ik
B-1 57 bovoydn & JED RS By A O
TERK

AT, T hlaoa—RThb
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H71X 10 keV, HE1X 100 keV & L7z,

Il —yarTIEEED X BEHNIC—
5 ecm DN HFREVEY | ZON IR % @i
DT EIT R LTz, TV AND A
FHMEZEEL L ARBEYE~DLH
1%, ICRP74 @ T+ 7 vm o 29 b i AR &
WEA~OBERE) 2T 1IREHZY D7

179

N A AN EL REICE L, K77 b
LD ANFRERETHT = & TEHIB L,

B.1.2 X B EENDOWEORT 4 T v F
e

Microsoft #:%¢ Azure Kinect % L T
AT 4 NT X T HEITo7-, Azure Kinect
1% 32 HDOEDEAL 2B L AT 1 FT v F
THEATH>TCND, ZORT 4 T vF 7 L=
FEREYZ MU 2THBE T 27 O
DY —Aa— NEHYy—E X Th 5 GitHub I
@ Microsoft @ Azure-Kinect-Samples #5&%&
27 —2BA% 7T v N7 4 — A5 TH 5 Unity E
WRR LT,

2.1.3 HELIR AT D AR ~— I —IZ L 5 R

Unity ® VR EIZ X #EEE, 77 2 A,
BEBOFDORY) 2 — AT — 2 5 FmR LI, =
NoHDOT —H OFRRITITRE SIHHE 24 cmxAf
32cm D AR ~v— I —%fHLZ, AR~—7
—\ZIIER A RFEERH LN, KA T AT
ArUco~— D — LW HFFHD AR ~— 1 — &
A L7, ArUco ~— 7 — & T8 M &0+ %
WETDEZNMDONAF Y~ hY 7 2 THERS
NHBRRIESHE~——Thb, ArUco ~—H
—DERFRE U THRIEERE T, Bl F
BThDHIENFTOND, AR ~v— I —3%E
B X BEDOES LI aL—Y a3y LR
Va—AhT—4DESEZ —HIELTWVED
IZ Fig. 4 ® X 212 X #E EEBIChE LTz, 2D
%, AR ~— I —DLETEIHEL LT oD
BN —HT 5 & B A T LT,

Fig 4. ArUco ~— 1 —IZ L D BELHR A D%

N

B.1.4 BEREDIERL

i OWIX S HELZHEET H 72912 Unity O
EILHEOBSAEFEHA L, AT 4 b7 vF
AW R TA A S R AN R
YORY a— AT —HDEERR LT, £,
EE O R TWim O &4 & KR TE H
BEAVER U7, BRESAE DFRR T 2 Wi 2 384
TOHARELE T — R — VA2 GHEIT D EREE
TER LT, S DICHRESHZE LR RT D
72O A L— v THEREZ BN L T2,



B2 o5l Ial—3 g OREER
i

PHITS (kv B on=8EBROMDOY R o
L—yaryr—XIZoOWTH{bY 7 F =
7 ParaView #HW\WCAREmMAEE 1 mGy &
720 O AR EY EE IS L2, HEMEZ

Fig.5 (2",
P—@

100 cm
X-ray tube 100 em

AR marker

-9 | ®

250 cm

. camera

70 cm

Fig 5. fifi MR OBELE & HIENL &
BHEORIAF RO T A Z 6 RO O
Bl 250 cm, FEHEOEL O I AT h 5 I
HEF AL O FEEEIE 70 ecm. FHIENLE O R
/%100 cm & L7z,

WA =2 A X frEEEEE UD150L-
30 (EHBUERT, FEF, BA) & v CHUR

BiTol, Y alb—3a R URESME
(Table 2) CHES L72BEIZ, RaySafe X2 (Unfors

RaySafe AB, Billdal, Sweden) % V> T A4t
[ % % % . RaySafe i3 (Unfors RaySafe AB,
Billdal, Sweden)# T X HMENDO T I 2 L
—3 a3 VCHS LR UALE IS 31T 25 R
EY &4 HE L7, RaySafe X2 [XHaSEF L
(CRHEE O TR —HT D & D ICEE L7z, #

WEHEME Z 2 3EITV, Y Ialb—T 3
A & TE O LR RNT 24T o T2,

Table 2. EBRIZHIT 2BHEMN

Tube voltage 87 kV
Tube current 50 mA
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Table 3. real-time performance evaluation
average flame rate

apron motion (fps)
- 10.9£0.7
- + 11.0+0.7
+ - 9.0+0.5
+ + 9.8+0.4

T/ Y BhEAY
BT e L, By E ML
HEZZH Y ...SSD (statically significant
difference)
HEF72 L...NS (not significant)
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BEBRE CTH DK T 7 > b DTN T2 OFBREN
K& lpolz, =32 FUIEFERISIC MLTV
72728K 7 7 > b BT < oo B Ef RIS BT
DRFEN K& L 72 o7, Table 4 iZIK /XTAE
KoM EREEZBREF CHIE LI-BRETKHR L
ERLELDOTH D, MELITAEENRT
0.60 55 1.21 {5 Th > 7=, JES & B % bR <
T RTORE A TRREL 0.93 5205 1.21 f%
ThoT-. MIELEFHED 2 SO S TIIHEE
MRENIFERME L Y HF LKL, &b
BRGSO EIZZENZI 0.72 5L 0.60
fECHo7=,
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Fig 12. - BIENLEIZ 31T 2 BEEN 5 0 E B
& HEE R A
Position2 1% 1., 3 ICE_THELRIE TH HK 7
7V B AICEWTEDENKE L oz
32X T FEEAIFICHL WK T 7 v
k 2T MO BRI LR T OMEN K E L
Tpo-

Table 7. FHIEMBEIZIBITH AT A TEEL
7oA SEHI O E TR Lo &L

@ @ ®

right eye 0.94 0.93 0.98
left eye 1.04 1.01 1.00
neck 0.98 0.99 0.98
chest 0.72 0.72 0.78
pelvis 0.67 0.60 0.94
right hand 1.19 1.21 1.08
left hand 1.00 1.19 1.14

AL AT T U 72 BELRR o5 AR O o
OEE (130 cm) ORISR EFHLL ) BIFE ORIE
T ORI A Fig.13 1T, ¥ 2 F DIk
FHIFZHRHF IO F L5 80 cm DALEIZH Y |
KEIZ20ecm Tho7o, ZOFMFT TOMED
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FEICLABEDOETV I a2l —aickd
LRI 20% TH o7,

p— (34
5] ] 5] co
T

dose (uUSv/mGy)

—

0 20 40 60 80 100
distance (cm)

Fig 13. & OO & S 123617 5 RSB )
5 IR O ARIE 7 18] O BRELBR 53 AR

D %%

D.1 EvFHhrai I al—3 g ORI
HARRICIZFERE L > S 2 L—3 9 VED
X T RTOEFTT 100% RN REZTH D,
LoL., HEMBEDIES DX, MREFOMHERK
., Y alb—ya T —XONRERED
BRI, BENMELAIZENTREIND,
SEATAFZE I, 80 kV T CRA (cranial)ffJE %
5°, hy 7 H R THELZTA YU
DOEMNZ 5 ecm OBRET—T VA2 BEI S5
B OHELRR AR Dy —1 v N EFHME L7z &
ZAL KI20% NI E > T2 lEDRH D, X
ENTHELL 2 BELR A ORI, BT
TR SNTRBEL RERICES N —F' v MY

20%LINTH - 7=,

D.2 B AR HH OREFE R A

RT 4 b7 yx U TOBEERETIREID &F
DFPHHYNEZ D, ZHUE~RF B AT
W LT EZ N TWAS 2D, IROKRT 4 ~7
XTI NN THLT-OEEZD, AT
D b WALE O RIEE D K & WIE R4 7R
LTW3, Z#ix Azure Kinect @ WFOV
unbind E— RZFHL TWH=HEEZD,
WFOV unbind &— R, JAREF CoO &G E
s & A[REIZ 95, WFOV unbind £— FDA
PREREEX 0.25 m 705 2.88 m THHM, 7
AZ B biE Positionl TIEA AT &~ %
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X UOWEEN 35 m THhbH, Ziid WFOV
unbind E— ROAFE BRBEZ KigIZitE 2 C
W5, ZTORER, REDEEFEZLE -T2
XD, ZIDDORERNG AT LA FE)X
W HEGEITIE, AMHIERBEA B8 L2 T
2B,

D.3 U7X A LPEREDZHM

J. Troville HIZ X2 EPiE- T v 245 L
THAETHLIE, B, HORT 4 h T XN
KT 252 EidntEanTnd, KLl
g7 m e L CEHE A EELOMICITAR
i L, OREORICIIEEERDH D &
IFERIZ T b DD, fER LTV AT A TH
FIERICART 4 P 7 v ZIFIELLS B I bl
TWiz, SEEEL7Z&M T AT L0 T
NEALMEZ LR TSEDL DT o7,

D.4 #REHEE O RS R

Faes & B D 2 S ORI CIIHEEREILE
BEXY SE LI Ko7, O L5
HE DRI DM O E S 7= BIE SIS TR W
ZENRRTHDL EEZ NS, Fig.13 IR
£ 912 10 em ORTENLE DT I TR 20% D
BOBENBET D, KU AT AP KR Z R
TANT X TTHOICK L, EBEORIE T
RFLH ORREZRET D & D JIENL & O FHE
DRREILICKESEE LB 200D,

D.5 K AT LOA M & S
AT LI ATAIRT 4 R T v F
> L BELRR O FIEALEIR A TR L HELRR &
i ONE & OBRE VRN TY TLH A Al
ETLHZENTED, ZORE, KA T L
T ZeE LD A7 LD EREYIE O RErE
N DG & EEICIE CE 5 EERY — L
Thbd, BT, WEROMEAREFHIEORKE
DEAAZFESWTHIE S FREZJIE L TV,
LU, R REOEZHEEZ W T 7 e —F
IZE D BREFHOMEIZER R IFE O
S22 EOWIES MREE Y TV X A A THEE T
HZEWAREE 0D, THUD ORBEREIC LY X
BREENICE T D HELR OB N EE 5720,
R EHABICAH T D LB XD,
AHFFE T 1 FEDOLEE & R O R S %
R L=, SRR O &M ITxt s 3%
oI, o E & KRS TEMD >
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Ralb—TalryBnuETHhL, I HIT, HRHR
LCIEERDIALS R ENTWD Z &2 BE
THE, TNDDOEREMAIANTES I 2 b
—TarVPRETHDLH, ZO¥Ial—ar
(IR RGN D 728D . SRR BRIR B
DFAZHIT DD ERICT —HE2 I =
L—ya T o0ERhDL, Sbi, BHEPO
M SEDNBL LIZBICy S 2 L—2 3 Lz
TR EE LR DHEERFTOMLERD D,

AWFIED v AT L TrE, #ELER AR ORI
V3ial—varliET—FEFHLTND,
ZAVTERTNSHEE DWW 20 X SRR = N O BGEL
WMEII 2L —ar LT —2ThHoHIED,
Wi OBk U772 BBl 0 A O I35 8
STV, IE OAEIZ K 2 BELRR O ELI
EHET L0, TV r—vary (X
Scatter-STK-3) ZfiH L7=, 77V r—a
WZEDERV AT LTHEH LIZEMEITB W TE
LA 50 em BEAV7EALE Tldi K 0.2% DK
SR BN 2 AlRetEN B B, HHEED W 2 FH|
WZHEVY 10 em BfEAL7-ALE CIIEGELAR DS e K 5%
HWinxE5rmEERSH L & THRIND, AT
THEH Lo EFHIAEERFELZ R L, v X%
YO DRIGFTEHELOREIIRAD B 5, A
FRIZBWTIE~ R F RO B A &R CHI
ELTWD, TDH, XX NI HLDOH%KT
BELO B IR I BV CHEEHR & & HIE L
TREE LICEEBINL TR, L, FEE
I OALELC X BELRR O IE B LT 5 7=
B, HEE AT LOYEE, FREOFAN G IEORKR
MRMETH D,

F o, BIEOREHETE > AT L OKERE L5 &
TEL2HLOTIERNEBZ DI, FFICHE & E
I B DR EHEERE 2 LS 5 0EE
WD, HEROHEEREZm LS5 HEIC
DNWTEIHLRLIBHADBDMETH D,

E &

BIR LTV AT MIRE D A T 2R T
4 TR TIZED BELRO A OEED 2
WoCWii & Bt T — % FICR R T2 ENTE,
UTNEALTORERHEENREE IeoTe, ##
BHEEICER LI-BELR DY I 2 b — 3
VA, SEHIME & e LT 20% DRREE IR
L7z YATLDT7 L—AL— FIKI 10 fps T
HY, VT NVEALERERE R LT, AVAT A
IFEB OB RO EZ R ER THIE L&



DO6END L2 THET LD LTk L,
AL AT JF I T NH A LT OREHEE D T hE
Ll olal=®, BN HRIEZE CEE 7 BUELAR
DOFEBEOBRIZESL S EEZEZBND,
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14. Fujibuchi, T.; Arakawa, H.; Anam, C.
Development of a Real-Time Radiation
Exposure Estimation Method Using a Depth
Camera for Radiation Protection

Education. Radiation, 4, 261-275, 2024.

2. FREE
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Development of a warning system for

radiation exposure during X-ray fluoroscopy
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55 S I BRI S B i &

o RA (AR ASE~DF 6 EE) DHEPCREE

FUHN NG U AT At B LT L B DR < (ST
B2 5 MO L EHVEOREE_(220201)

P X BT o8 R— a2 A—=2 L@ E CMOS WAL TAFA L
TOHELBRIO AL

e E RN RE JUNRFR R AU e PR A5 P = SRRk B 2R

roeE s

AW TIE, Brdh—bal) A—X28#E L@ E CMOS 7 A Z 2 HWT, i
ZWrIZ BT % = L X —HH N CHGELES R 2 U 7L # A SIS RUL T 5 ik E
RY D, F-. BEvThhraIalb—g UAFERH LT, BIET—Z DNEFEOBELK
HEEMIZZLTWDEINE I D ERGET 5, CMOS #AZ, Csl Yo FL—%, v
A= aJ A—2EHNTY T IH A LNBEHRA A=V TV AT A EHH L
Tro BV R—VOEERCENRE 2, SEXERRTA—F 2 L., K@k %
BE L, Shic, BErFhrasIalb—arafL, METrF—4%%3Ial—
b SN EELBE AR & el Uiz, A AT AT, 22 [ A i he CECEL R BRI o |l
BULICER D Uiz, i7e /8T A —# (3, B rh—/LOER 2mm. ZEHR 50 I U
THY ., HEBOFAI EHRONRT U AREN TS, HIET —HiZvIal—va
FERLIFEBL, VAT LAOREZMER LT, RE LTV AT 2%, BELESHRO Y

TNZ A LAY A TREIC L. BRIRBLY T OMES#R I8 & i b3 5 R & 22 alaeth & 12
95, BETFIRICE T 5 &V ZRRMERREE &L R L 2EHORIICH

[INEREARE USRSV (R

W 1

Lee Hyojin TUMNRZERFBEE 7R I PR A 7 B B ) B 700 B
A WFIFEHRY

ERBLS 260 D OB ITIER L Tk
D, X BIIZKEBNTAKIER STV, E
72 B2 WrIcIL, mlnE ok, SHMEOEE
LTI IME R | MBS LB AR E RS T fR
FpE, Lot LTWDHIENTERVWEFED
PZIRIZBNT, NEERERAY v 7 OIRN
AR TH D, LU, BELBIRHBRIZL, BEOH
XS HIZHRAE L, MEERERAY v 7I2ETE
72 ) A7 ZHTob7, Zivh OBELBU IR
IR TI&I TX W=, BBk T 52 &
T, BB Y — v LIEREDRE Y —
FRETHEEREREEMILTE D, ZOWR
fbid, s & ERRAES HYAULE HP I 8 72 R
HEHEEE T D) A TERTH D,

BCEL R O eI BT 2 R IC1E, B
TANAYI 2L =g R A= T T
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— MNIP)EFHT 2 HEREGEEND, T
Ny ab—ya T, BELIE 5 A D fiF
WA THL DD, FHRIFHNELS, 72
A ADHEERCFM A EREICHRT 20ERH D
7=, ERBICIEHIER S D, —F, IP ZHW
7o FET, BELE RO S A B 2 5 2 &
MTEDLN, GAHARVEBEBNLETHY | o8k
BBE~OT 72 AWM B0 b2, VT Iv
Z A NIRBLNCIEE LTV,
INGOMEERSE 2 AFETIE, VT L
—H T UH T AT B CHEGEL R A Y
TNE A DR T 5 HFiEERET 5, 2
EFTOMETIE, P FL—HFLFIH LT R
T H B A DR TR T— IR E— 2O R LR
ITONTE N, BELBE R~ OISz T
SRR S TR Do e, ABFFETIL.



Z O FEE FRICBOELBEN B O BN @S S,
FET 5,

AFZEOBHNL, Brdh—bal) A —4 &8
# L 72 @ % CMOS(Complementary Metal-
Oxide-Semiconductor) 7 A 7 Z H\W\ T, X A
A= 7B BT D = kL — N T
WL R Z2 U T Z A Ak 52 & T
HbD, Fio, BT ALY I 2L —Va Lk
R L, WET— & BIEBEOEELUN % EfEl
RKLTWDOIME I DEGEET S5, S bHIZ, B

W= DY A XL T AT OB 2 2B S

BRA 2 BLTEACI T L B i 7 & 2 AR — L A
R ERNEIRHEZRET L 2 L 2ilAh b,

B ik
B-1 U7 WZA LBELBSA A—2 0 7 D728
DOFEBRY Y T v

B.1.1 BELBR Y T A DA A—D 2 TV AT
N

AR TIE, BELEE U T v & A KSR
THEOI, BEBR I TAEA DA A=V T
VAT LERE L, ZOYAT AL, T
& @ AL 8 R (CMOS) 7 £ 7 (ORCA-
Quest, AR b =27 AKX EStE, #), 3 v
ittt v &L (@CsD) ¥ F L — % (Great
Performance X-ray CsI Scintillator J13113, ¥
AR b =7 2 st #iT). RGB U A7
(Intel RealSense Depth Camera D435, Intel
Corporation, K[E), v k—/Lal A—4 B
KOV R—= TS ATHERINTND, HEE
LIz A7 2% H 1107,

(a {77 RGBcamera Lead

2em  csl scintillator

CMOs
Camera

o U ——

Camera Lens
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K1 Erdh—nal A—&% i 8L
AL AT DO, ()2 AT A ORERSE,
B)ICMOS 7 A7, (RGB A7, (¥ &K
—aJ A= LY —RKr—2 (AT LD
MIER, O 27 AOEHK,

CMOS 1 A F1%, @WEFIR LK A X
AL, HWEFLZ I EMICHRET o L
NTE D7), HOWELREF T HIE S M E 24
FICED720, @A A=V TINRGIZI 5,
BT —41X, CMOS I A ZHHT 7V fr—v
3 > CTd 5 High-Speed Recording Software (i
AR N =27 AR S T U 7e, 6% fci
B+ 57DIic, B AZI2iE F2.4 L Z(SMC
Pentax-Da35mm, X% v/ Aa—iKRlL—
a ) &ML,

Csl > FL—% L LT, CsI(T) (¥ U o A3
Pk 3 vkt v U L) B FRIRAEE I Lz EPEbe
M FU—HEER L, ZOMEICED,
HDOHAELEBGE . B ZEM S EEE T O H )23 Af
HETH H[18], CsI v v F L — X OHEHEIL B0
x 50 mm2 C. AxIHERIL 45 X 45 mm?2 T
bbb, VFL—XEOEIL 400 pm, HAK
DEXX0.5mm TH D,

X BEEE, 77 v b A T OMOHIRD A
HtiE, RGB W AT Z#HEH LT, B AZITE
A—=LDOH LG T.1em FICHE S v, B e
[EEE i REE g (R Py

ErAR—al) A= T EEA2mm & 3mm
DHLOEFMH Lz, Ziuk, 12.0 x 12.0 x 0.3
cm?® OSFEOY — R 7L — N TR TE
0. BELECR 2 REE T TANCHIR L CTA A —P v
TREEZN ESH5 X ICREF SN TWD,

EUR— T L—F AT LR,
JEEX 2mm OV — R TIELTE 10.2 X 15.5 X
105 cn3 DN U TICEAZ L, BErdk—r
IR WIEA E RO T, BUEL R & AN
DRAZBLGE., #EfitLiz, S5, 3D 7Y ¥
(Flash Forge Finder, Flashforge Corporation,
FEDZEH LT RAZ LT 4 7 AF % 2 H5HE
L, BEVFR—nalA—FLo o FL—FDIE
7R TRIEL T 7 OALE & DY Z R LTz,

Erh—nal) A= T L—F O
X 2cem, YoTFUL—H LB ATOHBEIL 9 cm
WCREL, Brh—nal) =L FL
— X DORiE 2em £ 52 L T EUR— LR
I D EGELBE N v F L—F BRI R L



<IN, BHx) 7T 2KEINN—TED X
T LT, ZOWEKIE, v FL—F5 9em
DN EICEE I NI ATIZL>Tx Y 7T ¥
ENTHEE .7 cd)IZEESWTHRE LT,

Fl VT U—F A TORBEL AT
DNZFREN T L2 7 VT TEY D& -T2
Wt 2 ATRBIC T D/ NEERE L HIBT L7272, 9
cm IZRE LTz, THHDREE T XA — 213, #]
SOV T Z A Kl bE RS ICT 5T
DITHEL S Tz,

B.1.2 FEBRSEM: L ELE
X BRIRGHE X g2 (UD150L-30, &l
EAM & HW 2, s EREI 2R 1 IORT,
WRE T, A A= 8T A —F D
(2 HS & I hE L7-[19],

K 1 X MRS FEBRAAT

BEE [kV] 74
BEN [mAl 250
TR [F0] 0.14
HRUR — EE AR 2R R 101
[em]
FE P [em?] 30 x 30

HESRA A= 72 AT 50O EREE
ZX 212757, 30 cm X 30 X 15 cm3 D ~ED
TA—F—=T 7 b A%, BE R LT BEL
WikE LCHIALE, 77 haEBET—T
JVZES, XBE—AFKIENDIKR AR & L
oo BEVE—NABIATIITA—H—T 57 KA
OHLNS 150 cm OALEICEHE L, 77 v b
LEXBEOW TN I AT OHRBFNIZINE 5 X
FNCESEFE LI, ErAR—ILOFRLIGER
FCOMEREX94.2cm & LTHIE LT,

189

v g y
~ Water, tom -
~ :30x30'x15cm?3

X 2 BELESH rI b D 7= 0 OBl E

CMOS 7 A 7|2 X 2\ S ClE, fRE4
1024 X576 B LIVIZRE L. 4X4 =7
vy MIE 16 By MIEREL, 2, 5, 50,
FUV200 X U MOZESR 2 g LT, fed e
ARA=D TR ERE LT, Eio, BELBH
PRI DR ER LM T 572D, FER—
A DY — A A — % (Raysafe X2, Unfors
Raysafe, Billdal, Sweden)Z{#H L7=, Z Ol
TN LY | FEE S Ao E R D BUE O BELAGH
PO AL LUV & B REIZ T 5 Z & DMRAE S 41,
BRER L AL E & OB E BT 5720
N—=2& LT, BEvAR—nal X—ZDEIZ
PR A —=FERE L, 2 A—XTEET
L EREZE LT,

B.1.3 BELRRD U 7L & A L AL

IREHCEIREA K v 7Y 72 B R D7
ODOT —H et 570120, BELBRO R A
WERETHZEBRARTHDL, ZOHKD
ToOIziE, BELES o AT L i & 1 i &
HRAEDLE L ENERFITHRHTT, o
DB ZIHEEDOEDTZDIC, DAZ LT 7Y
r—ya R L,

BELBR IS & S R OREIZIT, TEN
CMOS 7 AZ & RGB 7 A F & Liz7=,
2 BD AT O & BRENEOEVIZ X D0
BT NAEMIE Lz, BELAR AT L & 75 5o
BEMABDE D HEEZK 3 ITRT, X 3@
AT LI, aV A= T 7 FADIELIC
X, HFOOIEH A A — FLED)EEKR 8 f#HHR
O AFF 7=, wiC. LED &M% RGB 1 A
ZIZEVFry 7T v L, R aEER LT,



ez T, K3z TEoll, hL—y 7 T, Yo FL—F FORSAAE L, Hll

—R=% T F L —Z ONEBONEIZEE L. ETF—Z LI Ial—a U EROmMGNG,
X 3(a)»4% LED 74 boFLaEK 30h) D% 77 Y N AOEEENDS T 7 N AOHILEE
LED ARALE®Z O F.OITH 2 5 & 9 FITE LT —RET7uaT7 ANl L THIH L,
#hL7, K 4Rk TXEH2, YI2b—varodt
Bz — -

A RNUIE, BEBR Y TAR A DA A= T
2T LOERE, ERTCHERHENZYFL—
X OREZBHT DL IICKFFEN TS, v

A L «l — N V VIR—/LOEZAILZ2mm & Smm IZEREL, B
3 BELNOH (R & 17 RR % 2 M2 b 5 SR YT L= S ETOMER om) &

7k, (@RGB % X 7T v 7F+ L1 LED SUFL—H BN AT ETORMEO em)iL%
TEER DAL E (RO F o fER) . (b) BEL BR L L 12 L7,
R, (o) Bk 72 LR R 72 {8, R e e R R
- ! | Pinhole colimator |
W A e T
[ EXZS = 1 kil
HE 2335 72912, S/N H(SNR) & = - Scater radiation I ‘\’ o
b7 2 hEAVTHRIT L7, SNR OFETIE,  F e b
E{%W 2 OD F%‘E‘AETQ(ROD%S‘% é j/l/ 1 i Water phantom = 7"”;:-3\ scintillator
DIHMEEHEEAEL., b9 1 DiFEEkEFE e b tent table [ j
T, BEREIIXBRELE 77 b AaEER, 1F 4 FrTFhAruYIal—v g TERL
B OO FTREMEIX, 1y S AEIR O R TR 1T I T2 2T DRERR
DSUNVTEEMG L 7=,
a2 N T A MO, BLREIRN O ik SpekPy Web &\ 9 web 77U r—3 g9 C
SRIE &/ NRE DT ISV T, BiBNOE B 0 XBART MLEREL, #EANT ML
SREEAE N SFN L, T OFEIE, BN C ERFOFEA TP GHRIE LTS, =%
IRKAERHENTWDHEETH Y . B O 5= X —FiPHIL 0 keV 705 74 keV & L7z[21].
B D155 OFBIEEIT kT3 2 B O F 8 % 3l 3 PHITS O#feTdH 5 T-Point # ) —%, > v
% DI D, F L —ZREOBELIE 71 7 7 A )V EEITH
NS OfENTIX, ImageJ(N— 3 > 1.54g, MLz, fonicrmrAve, MET—4F
KEENL AT, KE)ER W, oY 7 TV Iz —va R L, O
N =7 #FH LT, BRIz RO NOKE oI, wmAMEE 1 ICERE L CERE L,
EEMEL, SEIFhA AV TEMHT
SNR L2 h T A MNEEEMICEMEL: . 2 C. &R
DT Fa—FI2k0, EUR—IDOY A LT Cl%%#%mﬁﬂm%ﬁﬁAﬁ
AT OFKREF D EE G 2 BN 60N . #4 RGB g & BEL R EiG o )
R0 IR A A — L SR R 7»&4A7ﬁm%7¢ FRibix, S FESF
L7z, T AT OEENRERE] & v R — A XA
U7, BELRRIX. X BE K77 FAD 2D
B3 ErFhinyIal—arTELAL OGFTCTRE I NTZ, B AT OB % <
T4 D RRFE T 5 &, BELB A ORI S RN k45 2 &
B R VAR EE L Ty F L— I ET DB STz, BiG ClE, TR Z £ L,
2 SRR DS EGEL R TRERR STV D E D HILEMRE, RHMEHRELZ L, 7 BAEIC
MERRFET A0, ErThimy I o b— ®Is LTV 5,
TarEERLE, OO, kit B 'y AR— A X2 mm Tk, BELRIROE
A Aok a— Ry 27 4 (PHITS) N—Y = R 3 HEEGROfER Bl S, L0 mnge
V3341 ZFIHL, WET—F# Ly Ialb—v M fRE 2 2B L 7o, *HIRAYIZ. 8 mm O v

g URER O LTZ[20], v a2lb—v a3y A= A XTiE. 2 mm O ER—/IL &
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B U COMIAL 720 | ZEFE O G AR 15 B 3 2
LLIETF L, ZhiE, Brdh—LoH A XN
BELBIR O RALIC KR E S BT H Z L 2R L
TWb, F72, BrdA—al A —F |ZH|ET
LAREHRIT 10.71 pSv/s, #HREIL 2.10 uSv T
ol

X 5 B aR—/L & AT EEEREE] D PR AL
TR IR

Camera exposure time
2ms Sms

C.2 H{g T

SNR &2 R T7ANMIELLL, AT DR
HEERI A < 72 D IZ 20 TR EE I3 5 18
a2 R L7, Bl —Y A4 X2 2mm & 3mm
DO a BHNENELS DL SNR 2 T
Z MDA ELEDR, 2 DO R — LY A XTH]
TN R -7,

R =Y A XD O TIE, 3mm E
VAR—UE 2 mm BV — L LT —E L
TEWSNREZ /R LTZ, ZDE NI, Brh—
ABRREWTED, LVEZDEFENETED
FHlEZLNS, WIZ 200 FR—/)LY A
A CTay F 7 A MIREREFAONT, =
¥ F T A NOEITEICE NI OB D R
=z,

50 ms

200 ms

2mm

Pinhole size

3 mm

C3EVTHNLTYI 2L — g2 ERAIE
D LL#g

HWET =N T —H—T 7 hhE XHE
O OBELE 54 & IEREICR LTV AN E D
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Table 1 Irradiation factor

Parameter Unit
Tube voltage 70 kV
Tube current 25 mA
Irradiation time 1s
Number of exposure 10 times
Diameter of pinhole 1 mm
Depth of pinhole 2 mm
Sensor to pinhole 1.7 cm
Viewing angle 61°
Irradiation field size Max: 53 cmX52
(focus to FPD: 105¢cm)  cm
Direction AP
X-ray tube to couch 59 cm
Couch to phantom 83 cm
Couch to sensor 100 cm
Sensor to floor 120 cm

Abbreviations: FPD, flat panel detector;

AP, anterior-posterior.
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